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THE SYNTHESIS OF OROTIC ACID-C1402H
Orotic acid-C1402H, which was required for biological studies being
pursued in this laboratory, has been synthesized by the method of Nyc and
Mitchell,5 starting with DL-aspartic acid-a-C1402H. The latter was
prepared from ethyl malonate-C1402C2H5, as described by Galat.'
This orotic acid probably contains the isotopic carbon exclusively in the
carboxyl group since it evolves carbon dioxide containing most of the
original radioactivity when heated to 3450 and the uracil which remains is
not radioactive; this finding lends strong support to the mechanism pro-
posed by Nyc and Mitchell (loc. cit.) for the alkaline rearrangement of
5-(carboxymethylidene)-hydantoin to orotic acid.
METHOD
ETHYL MALONATE-C1402C2H5
Barium carbonate-C1' (150 mg., 5 mc., Oak Ridge) was converted by the method of
McCarter' into sodium cyanide-C", this was then mixed with a solution of sodium
cyanide-C" (3.00 g.) in water (8 ml.). The resulting solution was used for the
preparation of malonic acid, as described by Weiner.7 The reaction was conducted in a
centrifuge tube (50 ml.) and the crude calcium malonate obtained was separated by
centrifugation and washed twice by stirring with ice-water (10 ml.), centrifuging after
each addition. The process was repeated three times with acetone, and the product, after
being dried in air, was converted into malonic acid in the usual way (Weiner, loc. cit.).
This crude malonic acid (4.26 g.) was treated with absolute ethanol (50 ml.) and
concentrated sulfuric acid (0.5 ml.). The mixture was heated under reflux on the water
bath for four hours and then evaporated in vacuo at room temperature to half its bulk.
Water (30 ml.) was then added and the mixture extracted with ether (4 lots of 5 ml.
each). The extract was shaken first with water (5 ml.), then with sodium bicarbonate
solution (5%; 5 ml.), and then with water (5 ml.), and dried over anhydrous calcium
chloride. After removing the ether by fractional distillation, using a short Vigreux
column, the residue was distilled from glass wool under reduced pressure into a trap
kept at -30°. A short fore-run (b.p. up to 50°/11 mm.) was discarded and the remain-
ing distillate, nearly all of which boiled at 85-7°/11 mm., was collected as one fraction
and used directly in the next stage (yield, 4.74 g.).
* This paper was written during the tenure of a Squibb Post-doctoral Fellowship in
Pharmacology. Present address: School of Chemistry, The University, Leeds 2,
England.
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DL-ASPARTIC ACID-a-C1402H
The crude ethyl malonate (4.74 g.) was converted into ethyl formylaminomalonate
in the manner described by Galat (loc. cit.). The crude ethyl formylaminomalonate
obtained in this way usually contained so much zinc formate that it was not practicable
to distill it directly, as suggested by Galat. Therefore, this crude product was shaken
with dry ether (30 ml.) and the residual zinc formate filtered off and washed with
ether (3 lots of 10 ml.). Evaporation of the ether from this solution and distillation of
the residue in vacuo gave ethyl formylaminomalonate (3.05 g., b.p. 1260/1 mm.) which
was condensed with ethyl chloroacetate and the crude product hydrolyzed to yield
DL-aspartic acid-a-Cl02H (1.22 g.), Galat's directions being followed throughout.
(This hydrolysis was conducted in a stream of nitrogen which, after leaving the reflux
apparatus, was led into a well-stirred saturated solution of barium hydroxide (800
ml.); in this way most of the C1402 which was evolved was recovered as barium
carbonate-C14.)
OROTIC ACID-C1402H
The crude aspartic acid described above (1.22 g.) was used without further purifica-
tion for the synthesis of orotic acid. The method of Nyc and Mitchell (loc. cit.) was
employed. Two stages of this synthesis deserve comment. (a) When DL-ureidosuc-
cinic acid in amounts less than 1 gm. is evaporated with 20% hydrochloric acid, as
described by these authors, the reaction time usually is not long enough to effect
complete cyclization and a large part of the starting material is recovered. Best results
are obtained by heating this reaction mixture under reflux for 20 minutes and then
evaporating it to dryness in vacuo. (b) In describing the oxidation of 5-(carboxy-
methyl)-hydantoin* to 5-(carboxymethylidene)-hydantoin, Nyc and Mitchell refer to
an amount of bromine which is only 31% of that theoretically required. A mixture of
5-(carboxymethyl)-hydantoin (0.640 g.), bromine (0.660 g., 1.02 mols), and glacial
acetic acid (3.3 ml.) when caused to react as described by these authors gives 5-
(carboxymethylidene)-hydantoin in 78% yield.
The orotic acid monohydrate (0.410 g.) thus obtained had a specific activity of
18,000 counts per minute per mg. (c./m./mg.), when countedt as an infinitely thin
film of anhydrous material with an end-window counter. Its ultraviolet absorption
spectrum in water was identical with that recorded by Nyc and Mitchell (loc. cit.).
An ascending paper chromatogram made with this product on Whatman No. 1 paper
in a n-propanol-formic acid-water medium, as described by Leone and Scale,8 when
scanned in ultraviolet light showed only one spot, with RfO.45 identical with that
shown by an authentic sample of orotic acid run concurrently. Radioactivity measure-
ments showed that there was only one radioactive spot and that this was coincident
with the spot visible under ultraviolet light.
*Referred to earlier as 5-(acetic acid)-hydantoin (cf. Lieberman, I. and Kornberg,
A.: J. Biol. Chem., 1954, 207, 911.
t I am indebted to Miss Beatrice A. Karger for this measurement.
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DECARBOXYLATION OF OROTIC ACID-C1402H
The radioactive orotic acid described above was diluted with inactive orotic acid and
dried at 1300/1 mm. to constant weight. A portion of the product was oxidized by the
Van Slyke-Folch method and the resulting carbon dioxide counted as barium carbonate
using an end-window counter. The specific activity was 2790 c./m./mg. of anhydrous
orotic acid.
Weighed portions of this diluted acid were heated to 3450 for periods of five minutes
each in a potassium nitrate-sodium nitrite bath, in a current of dry, oxygen-free
nitrogen. The carbon dioxide evolved was determined by absorption in a tared "bub-
bler" containing sodium hydroxide (2 N); found: 1.15±0.05 mol. of carbon dioxide
per mol. of orotic acid. At the conclusiop of each experiment the absorbed carbon
dioxide was precipitated in the usual way as barium carbonate; this was plated out
and counted under conditions identical with those of the oxidation experiment. The
mean of several such determinations gave a specific activity of 2545 c./m./mg. of
anhydrous orotic acid, i.e., under these conditions, 91% of the radioactivity of the
orotic acid was lost as carbon dioxide.*
The dark residue left in the reaction tube at the completion of the pyrolysis was
made up to a given volume with dilute aqueous ammonium hydroxide and an aliquot
of this solution was chromatographed on Whatman No. 1 paper using the n-butanol-
water medium of Vischer and Chargaff.' When screened in ultraviolet light the paper
showed some light-absorbing material which had remained stationary, and one spot
with Rf 0.37, the same as that of an authentic sample of uracil run concurrently. The
spot was eluted with dilute aqueous ammonium hydroxide. A portion of this solution
when examined spectrophotometrically showed absorption spectra at pH 1 and pH 13
identical with those described for uracil' and showed that 0.88 + 0.05 mol. of uracil
was formed per mol. of orotic acid pyrolyzed. Another portion of this solution, when
plated out as an infinitely thin film (0.4 mg. uracil per planchet of area 3 cm.') and
counted under the same conditions as are described above, was not detectably
radioactive.
SUMMARY
The preparation of orotic acid-C1402H is described. BaC1403 (150 mg.,
5 mc.) was converted, via sodium cyanide, into malonic acid and the cor-
responding ethyl ester, and the latter was converted into ethylformyl-
aminomalonate. After condensation with ethylchloroacetate the product was
hydrolyzed to give DL-aspartic acid-a-C1402H and this was converted into
orotic acid monohydrate via DL-ureidosuccinic acid, 5-(carboxymethyl)-
hydantoin, and 5-(carboxymethylidene)-hydantoin. The orotic acid-C'402H
monohydrate (410 mg.) had a specific activity of 18,000 counts per milli-
gram when counted with an end-window counter and appeared to contain
the radioactivity exclusively in the carboxyl group.
* The error of this result is estimated as ±5%.
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